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A r e g i o s p e c i f i c ,  n o n - s t e r e o s p e c i f i c  c y c l o - a d d i t i o n  rea cti on.
B.F. B o n i n i 3 , G. M a c c a g n a n i a , L. T h i j s b and B. Z w a n e n b u r g 0 *
a L a b o r a t o r i o  CNR dei c o m p o s t i  del  c a r b o n i o  c o n t e n e n t i  e t e r o a t o m i  - 
I s t i t u t o  di C h i m i c a  O r g a n i c a  d e l l a  U n i v e r s i t a ,  Bol og na , Italy.
^ D e p a r t m e n t  of O r g a n i c  C h e m i s t r y  of the U n i v e r s i t y  at Nijmegen, T o e r n o o i v e l d , 
N i j m e g e n ,  The Net he r l a n d s .
(Reoeived in UK 16 July 1973; aooepted for publioation 31 July 1973)
S u l f i n e s  r e p r e s e n t  a class of s u l f u r  c o n t a i n i n g  h e t e r o c u m u l e n e s  w h i c h  may
se rv e as p o t e n t i a l  d i p o l a r o p h i l e s  in 1 , 3 - d i p o l a r  c y c l o - a d d i t i o n  re a c t i o n s .  In a
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p r e v i o u s  p a p e r  we r e p o r t e d  ' the c y c l o - a d d i t i o n  rea c t i o n  of a r o m a t i c  s u l f i n e s
w ith d i a z o a l k a n e s  wh ic h leads to a f i v e - m e m b e r e d  h e t e r o c y c l i c  syste m, i. e .
A 3 - 1 , 3 , 4 - t h i a d i a z o l i n e - S - o x i d e s . In this c o m m u n i c a t i o n  we wish to d e s c r i b B  the
c y c l o - a d d i t i o n  of a r o m a t i c  s u l f i n e s  w ith  n i t r i l i m i n e s  and to d i s c u s s  the di rec-
tion of the  a d d i t i o n  as w el l as the s t e r e o c h e m i s t r y  of the rea cti on.
When the su l f i n e s  I w e r e  a l l o w e d  to r e a c t  wit h d i p h e n y l n i t r i l i m i n e , gene-
5
rate d in s i t u  by the ac t i o n  of t r i e t h y l a m i n e  on N - (a - c h l o r o b e n z y l i d e n e )- N ’- 
p h e n y 1 - h y d r a z i n e  (II), in b o i l i n g  b e n z e n e  f o r  one hour, 1 : 1 -a d d u c t s  we re ob- 
t a i n e d  in g ood  y i e l d s  (Scheme 1). The a d d u c t s  w h i c h  we re si ng le  c o m p o u n d s  ac-
c o r d i n g  to TLC, gave c o rre ct c o m b u s t i o n  a n a l y s e s  fo r  C, H, N and S. The IR
-1
s p e c t r a  of all of these  c o m p o u n d s  sh o w e d  a s t r o n g  S=0 band at 1070 cm and a C=N 
_ 'l
a b s o r p t i o n  at 1535 cm . The NMR s p e c t r u m  of the adduc t d e riv ed f r o m  the s u l f i n e
Scheme 1
Arv ,0 ,N-NHC6H5 Et3N C g H s Y V ^ 5 C6H5 y Ny C6H5
Ar/C-S + C6H5 - Cvcl / h Ar ° r
Ar Ar
X I  I E ns:
a: Ar =CgH5 a : m.p. 167- 8; yield : 68.5%
b: Ar =C6H4OCH3-/ b : m.p. 137-8°; yield : 58 %
c : Ar = C6H4CH3-/» c : m.p. 152-3°; yield : 853%
d : Ar-Ar= foT Tol d : m.p. 173-4°; yield : 92 %
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Ib as well as f r o m  Ic e x h i b i t s  two n o n - e q u i v a l e n t  m e t h y l  s i g n a l s  (6 3.81 and 3 . 8 6  
pp m  for the form er,  5 2 .3 0 and 2.36 pp m  f o r  the latter) i n d i c a t i v e  of the p r e ­
sence of the a s y m m e t r i e  p y r a m i d a l  s u l f o x i d e  func tio n.
On the b a s i s  of the i n f o r m a t i o n  p r e s e n t e d  sofar, two p o s s i b l s  s t r u c t u r e s  f or 
the 1 : 1 -a d d u c t s  can be e n v i s a g e d ,  viz. III and IV (Sc hem e 1). In o r d e r  to elu ci-  
da te  the o r i e n t a t i o n  of the c y c l o - a d d i t i o n , the p r o d u c t  is o l a t e d  f r o m  the s u l f i n e  
Ia was c o m p a r e d  w i t h  t h a t  o b t a i n e d  b y " o x i d a t i o n  of ttie ad d u c t  V p r e p a r e d ^  f.rom
t h i o b e n z o p h o n e  and d i p h e n y l n i t r i l i m i n e  (Scheme 2). The s t r u c t u r e  of V wa s  pro ven
6
be y o n d  any do u b t  by H u i s g e n  et_ al_. , hence the s t r u c t u r e  III sh ou l d  be as s i g n e d  
to the s u l f i n e - n i t r i l i m i n e  adducts.
It is i n t e r e s t i n g  to note that the r e g i o s p e c i f i c i t y  of the c y c l o - a d d i t i o n  
w it h the t h i o k e t o n e  and its S - o xid e is the same, a l t h o u g h  the ch a r g e  d i s t r i b u t i o n  
in bot h s u b s t r a t e s  is c o n s i d e r a b l y  dif fe ren t^.
Scheme 2
CrH ^  C6H5 , A  / C6H5 _  C6H5y . % ' C6H5
6 5 > S +  V  N -------->  W




c 6H5\ C6H5 , A  C6H5 _____ C6H5 Y Ny C6H5
r  u yC=S + C N S-jC
6 5 © © 0* T l ? 6 H5
6 5
All t h e s e  A 2 - 1 , 3 , 4 - t h i a d i a z o l i n e - S - o x i d e s  III cou ld e a s i l y  be ox i d i z e d  to
the c o r r e s p o n d i n g  s u l f o n e s  V l a - d  by m e a n s  of e x c e s s  of m o n o - p e r p h t h a l i c  acid
(MPPA) at 20°. As may be e x p e c t e d  the s u lfo nes  VIb and VIc s h o w  only one
m e t h y l  sig n a l  in t h e i r  NMR spectra.
An i n t e r e s t i n g  i n d e p e n d e n t  pr oof  of the s t r u c t u r e  of the addu ct s was pro-
vi d e d  by the t h e r m o l y s i s  of the s u lf one s Vla and d (Sc hem e 3). When he at ed  in
r e f l u x i n g  b e n z e n e  f or  15- 20 min. S O 2 was li ber ate d q u a n t i t a t i v e l y  and ben zo-
n i t r i l e  t o g e t h e r  w i t h  the  ani ls Vila and Vlld, r e s p e c t i v e l y , wer e i s ol ate d in
8
high yields. T hi s t h e r m a l  t w o - f o l d  e x t r u s i o n  p r o c e s s  , d e m o n s t r a t e s  whi ch 
bonds were f o r m e d  d u r i n g  the c y c l o - a d d i t i o n  rea ct io n.
g
The ben t na ture  of the C S O - s y s t e m  of fe rs the  p o s s i b i l i t y  to study the ste- 
r e o c h e m i s t r y  of the c y c l o - a d d i t i o n  react ion . The g e o m e t r i c a l  i s omer s of Villa 
(Scheme 4) w e r e  t r e a t e d  w it h d i p h e n y l n i t r i l i m i n e  in b e n z e n e  at re fl u x  tempera- 
ture (6 h]. In the r e s u l t i n g  co l o u r e d  re a c t i o n  m i x t u r e  o nly s t a r t i n g  m a t e r i a l  and 
1 : 1 - a d d u c t  co ul d be d e t e c t e d  by NMR and TLC, in e i t h e r  case (ratio sulfine: a d ­
duct 3:4 f o r  both isome rs) . By c a r ef ul t h i c k - l a y e r  c h r o m a t o g r a p h y  u n r e a c t e d  s u l ­
fine (which had its o r i g i n a l  geo me tr y) and c y c l o - a d d u c t  cou ld be separa te d. In 
con t r a s t  to our e x p e c t a t i o n  bot h g e o m e t r i c a l  i s o me rs of V i l l a  gave the same ad-
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Scheme 3
C6H5/ ' N  '^  A 
° ^ ~ f \
0  Ar 
3Ta,d
■>0
C6H5C=N + Ar2C = NCgHg + S 0 2 f  
ZZK a,d
1 3 0 - 1 3 2“, dBc. f r o m  m e t h a n o l ) .  An a t te mp t was m a d e  to p r e p a r e  the 
e p i m e r i c  s u l f o x i d e s  IXa E and IXa Z by o x i d a t i o n  of the p a r e n t  r i n g s y s t e m  (o b ­
t a i n e d  by c y c l o - a d d i t i o n  of 2 - m e thyl  t h i o b e n z o p h e n o n e  and d i p h s n y l n i t r i 1 imi ne in 
57% yield] w ith  w - c h l a r o p e r b e n z o i c  acid. Ho w e v e r ,  this o x i d a t i o n  r e s u l t e d  in the 
f o r m a t i o n  of only one i s o m e r  (m.p. 130-132°) in 52% yield, w h i c h  was i d e n t i c a l  
w i t h  that o b t a i n e d  f r o m  the c y c l o - a d d i t i o n  of the sul fi nes  Vil la E and Vi l l a  Z. 
The i s o m e r i c  s u l f i n e s  V l I I b  E and Vl I I b  Z g a v e  w it h d i p h e n y l n i t r i l i m i n e  also o n ­
ly one 1 : 1 - a d d u c t  (m.p. 154-155°; yiel d on r e c r y s t a l l i z e d  m a t e r i a l  57 and 64%, 
r e s p e c t i v e l y ).
S
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1
3 n n ( 0  u " 2 i c t r )
a.R1= o - CH^CgH  ^\ R2 — Cg Hg
b.Ri=» - naphthyl; R2=CgH5 
C-R-p/5 - ClCgH  ^ ; R2 ^ ‘ CHjCgH^
Sinc e s t B r i c  e f f e c t s  co u l d  have i n f l u e n c e  on the  p r oduc t f o r m a t i o n  f r o m  the s u l ­
fi nes Vill a and VlIIb, the E- and Z - i s o m e r s  of V I I I c  w ere  s u b j e c t e d  to c y c l o - a d -  
dit ion.  In bot h ca ses a m i x t u r e  of d i a s t e r e o m e r i c  t h i a d i a z o l i n e - S - o x i d e s  IXc was
o b t a i n e d  as an oil (yield 90%, r e a c t i o n  f o r  3 day s at 20 ■'Me 2.29 pp m  f o r  IXc
E, 2 .3 6 p p m  fo r  IXc Z). The Z - s u l f i n e  (m.p. 72- 74 ) gave a p r o d u c t  r a t i o  E : Z=
2:3, the S - i s o m e r  (m.p. 102-104°) gave an ff to Z rat io of 1:1 f o r  IXc. O x i d a t i o n  
of the p a r e n t  thiad iazo line (R^ = p - C l C g H 4 , F ^ p - C H g C g H ^  ) with m~ ch l o r o p e r b e n z o  i c 
ac id y i e l d e d  a f t e r  12 h. at 20° in 901 the S - o x i d e  IXc with E:Z = 1:2. T his E/Z 
r a t i o  as a lso  that of 1:1, c h a n g e d  to 2:3 upon st a n d i n g  or ge nt l e  w a r m i n g  of the 
m i x t u r e  in ch loro for m. P a r t l y  s e p a r a t i o n  by m e a n s  of t h i c k - l a y e r  c h r o m a t o g r a p h y  
gave  E/ Z  = 3:2, w h i c h  on s t a n d i n g  e q u i l i b r a t e d  to E/Z = 2:3.
The p r e s e n t e d  data s h o w  that the c y c l o - a d d i t i o n  of s u l f i n e s  w i t h  d ip hen yl-
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n i t r i l i m i n e  r e s u l t s  in a n o n - s t e r e o s p e c i f i c  f o r m a t i o n  of i 2 - 1 , 3 , 4 - t h i a d i a z o l i n e -
S- ox ide s. In p r i n c i p l e  t h r e e  p o s s i b l e  s x p l a n a t i o n s  f o r  this n o n - s t e r e o s p e c i f i c i -
ty can be e n v i sag ed:  i. i s o m e r i z a t i o n  of ths s u l f i n e  p r i o r  to the c y c l o - a d d i t i o n ,
ii. p r o d u c t  e q u i l i b r a t i o n  a f t e r w a r d s ,  iii. loss of s t e r e o c h e m i s t r y  d u r i n g  the ad-
duc t for mat i o n .  In a bl a n k  e x p e r i m e n t  sul fin e i s o m e r i z a t i o n  was in de ed  ob s e r v e d
fo r  Vi lla  E and V i l l a  Z in the p r e s e n c e  of t r i e t h y l a m i n e , howev er,  at a much lo-
w e r  rate than the f o r m a t i o n  of the c y c l o - a d d u c t . The e x p e r i m e n t s  with VI I I c  and
IXc c l e arl y r e v e a l  that p r o d u c t  e q u i 1 ibrat ion a f t e r w a r d s  t a k e s  place. Al t h o u g h
loss of s t e r e o c h e m i s t r y  d u r i n g  the c y c l i z a t i o n  c a n n o t  c o m p l e t e l y  be e xcl ude d, the
m os t li ke ly  e x p l a n a t i o n  f o r  this n o n - s t e r e o s p e c i f i c  1 , 3 - d i p o l a r  c y c l o - a d d i t i o n  is
an ini ti al s t e r e o s p e c i f i c  p r o d u c t  f o r m a t i o n  f o l l o w e d  by a p r o d u c t  e q u i l i b r a t i o n ,
lea di ng to one i s o m e r  of IXa and IXb, and an E / Z - ra t i o  of 2:3 f o r  IXc.
S u l f o x i d e s  are u s u a l l y  qu ite  st abl e t o w a r d s  stereomutation"'^ , but c o njug a-
tive p a r t i c i p a t i o n  of the lone p a i r  of e l e c t r o n s  at N-4 (see S c h e m e  4, f o r m u l a
1 2
IX C Z J ) cou ld p o s s i b l y  l o w e r  the b a r r i e r  of p y r a m i d a l  i n v e r s i o n  of the S = 0 in 
the p r e s e n t  case. A l t e r n a t i v e l y , a rin g o p B n i n g - r i n g  c l o s u r e  m e c h a n i s m ,  f o r  in- 
st an c s  a s i n d i c a t e d  by a r r o w s  in f o r m u l a  IX (E) (Scheme 4), could  cau se the ther- 
m o d y n a m i c  i s o m e r i z a t i o n .
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